Polyspermine-ribonuclease (Mr, 17000) 
70S RNA are used as primer templates.
The observation ) that a plasma ribonuclease from patients with Hodgkin's disease has a tendency to form a complex with reverse transcriptase of Rauscher-leukaemia virus has led us to examine whether the polyspermine derivative of bovine pancreatic ribonuclease prepared by Wang & Moore (1977) might have an enhanced affinity for reverse transcriptase. Since tumour-forming viruses (type C) replicate via a DNA provirus copiea from the RNA genome by the viral reverse transcriptase (Gallo, 1976) , an RNAase in close association with reverse transcriptase might affect the replication process. There is considerable evidence that RNAases may influence tumour regression (Daoust & de Lamirande, 1975) ; the cross-linked dimer of bovine pancreatic RNAase, for example, has been found (Tarnowski et al., 1976) to effect a measurable decrease in size of the enlarged lymph nodes and the spleen in AKR/J mice with advanced leukaemia. PolyspermineRNAase (Wang & Moore, 1977 ) is a derivative that has the special property of hydrolysing doublestranded substrates much more effectively than does the native enzyme; susceptible substrates are the double-stranded RNA of reovirus 3 and the rU or rC strand of the hybrid substrate poly(rU).poly(dA) or poly(rC).poly(rI). The present paper is concerned with the physical and enzymic properties of admixtures of reverse transcriptase and polyspermineRNAase.
Materials and Methods
Isopycnically banded Rauscher-leukaemia virus (1000-times-concentrated, grown in JLS-V9 cells) Poly(A) .poly(U) was purchased from P-L Biochemicals, Milwaukee, WI, U.S.A. Pancreatic RNAase was obtained from Worthington Biochemicals, Freehold, NJ, U.S.A. Phosphocellulose (P-1) was purchased from Reeve Angel and Co., Clifton, NJ, U.S.A. All radioactive compounds were obtained from New England Nuclear Corp., Boston, MA, U.S.A. Bovine serum albumin, ovalbumin, and chicken albumin were purchased from Sigma, St. Louis, MO, U.S.A. The chemically cross-linked dimer of pancreatic RNAase A and polyspermine-RNAase were prepared as described previously (Wang & Moore, 1977) . Viral components, e.g. gp 69/71, p15 and p30 proteins, and reverse transcriptase, were purified from Rauscher-leukaemia virus as described previously (Deepak et al., 1975; Strand & August, 1976; Bandyopadhyay, 1977) . The quantity of each protein was measured by the radioimmunoassay described previously (Hunter, 1967; Strand & August, 1973 After incubation of the reaction mixture for 60min at 370C, the reaction was stopped by the addition of 3 ml of cold 10% (w/v) trichloroacetic acid, and the entire mixture was chilled on ice for 10min. The precipitate that formed was collected on a Millipore filter (HAWP25; 0.45,um pore size) and was washed with five 3 ml portions of 5% trichloroacetic acid in 0.02 M-sodium pyrophosphate, and finally with water. The radioactivity retained on the dried filter was counted with a Packard liquid-scintillation counter by using toluene-based fluor. Transcription of the viral 70S RNA was performed as described by Rothenberg & Baltimore (1976) .
Determination of molar ratio of components in the complex
The method by which the molar ratio of reverse transcriptase to polyspermine-RNAase in the complex was determined was described previously (Bandyopadhyay & Levy, 1978) . In brief, the 1251-labelled reverse-transcriptase-l 14C]polyspermine-RNAase complex (3,pg) was dissociated and the two proteins separated by sodium dodecyl sulphate/polyacrylamide-gel electrophoresis. After electrophoresis, the gel was sliced and the radioactivity for each protein was measured. From the known specific radioactivity of each component, the amount of protein could be determined and, by using mol.wts. of 70000 (Bandyopadhyay, 1977) and 17000 (Wang & Moore, 1977) for reverse transcriptase and polyspermine-RNAase respectively, the number of molecules of each protein in the complex could be calculated.
Results
Interaction between purified viral reverse transcriptase and polyspermine-RNAase Preliminary studies with mixtures of polyspermine-RNAase and reverse transcriptase showed that RNAase activity (10,ug of protein) was unchanged even in the presence of as much as 250ng of reverse transcriptase. Reverse transcriptase, on the other hand, which is dependent on a primer template for its activity, may be severely affected by the presence of polyspermine-RNAase. If, for example, the primer template is an RNAase-sensitive one, such as (dG)12.(rC)", then the polymerizing activity can be inhibited by as much as 90% as the RNAase concentration in the mixture is increased (Fig. 1) . When the primer template used is insensitive to RNAase activity, as is (dT)12.(rA)., then reverse-transcriptase activity is unaffected (Fig.  1) .
Since it is known that, under certain conditions, reverse transcriptase can form a complex or aggregate with an RNAase obtained from the plasma of patients with Hodgkin's disease (Bandyopadhyay et al., 1977) , we decided to determine whether the polymerizing enzyme could aggregate with polyspermine-RNAase as well. Accordingly, the two proteins were mixed under conditions that led to complex-formation with the plasma enzyme and the mixture was subjected to glycerol-gradient centrifugation. As shown in Fig. 2 Factors affecting complex-formation
After some preliminary studies, maximum complex-formation was found to take place in 0.01 MTris/HCI buffer, pH 7.4, at 370 C, 1 mm in Mn2+ and 0.25 M in KCI ( As shown in previous work, Mn2+ at 1 mm enhances complex-formation between reverse transcriptase and a serum RNAase isolated from patients with Hodgkin's disease . In the present study, however, the absence of Mn2+ had only a slight effect on the binding between the proteins, if the concentration of Mn2+ is increased to 10mM, then complex-formation is greatly inhibited (Table 1 ). Other cations, such as the polyamine spermidine [also shown to cause dissociation between reverse transcriptase and human serum RNAase ], have no apparent effect at any concentration tested, on either the formation or dissociation of the reverse-transcriptase-polyspermine-RNAase complex.
Under the conditions defined for Table 1 , the influence of pH on complex-formation was examined with several 0.01 M buffers: Tris/HCl, phosphate, Hepes [4-(2-hydroxyethyl)-l-piperazineethanesulphonic acid] and Bes 12-[bis-(2-hydroxyethyl)aminolethanesulphonic acid}. At a pH value below 6.5, irrespective of the buffer used, complexformation could not be detected. Above that pH, the amount of complex formed increased until, in Tris/HCl buffer at pH 7.5, complex-formation reached a maximum value. At a higher pH value there was a steady decline in the amount of complex formed until, at pH 9.0, complex-formation was negligible. Fig. 2 . The polyspermine-RNAase-reverse-transcriptase complex migrated to the 160000-dalton region, whereas the individual components (reverse transcriptase and polyspermine-RNAase) migrated to the 70000-and 17000-dalton regions respectively. The percentage complex-formation refers to the percentage of the reverse transcriptase present in the complexed form. Fraction no.
transcriptase and I '4Clpolyspermine-RNAase it was found that 1.4,ug of reverse transcriptase were 1.0 bound to 1.6,ug of polyspermine-RNAase, thereby giving the molar ratio 1:5 for reverse transcrip-0.8 o tase/polyspermine-RNAase [see Bandyopadhyay & 0.4 Levy (1978) and the Materials and Methods sectionl.
0.2 0 Fig. 3 . Dissociation of reverse transcriptase-polv,spermine-RNA ase complex Approx. 3,ug of polyspermine-RNAase-reversetranscriptase complex was exposed to 0.25M-Tris/ HCI buffer, pH7.2. The mixture was processed as described in Fig. 2 . 0, Reverse-transcriptase activity; 0. RNAase activity. The arrows at the top of the panel indicate the peak of enzyme activity for either reverse transcriptase (RT) or polyspermineRNAase (PR) when each one was run separately in the gradient.
Dissociation ofthe complex
The reverse-transcriptase-polyspermine-RNAase complex is not dissociated by such reagents as spermidine or high concentrations (above 0.8M) of KCI known to dissociate other complexes of reverse transcriptase (Bandyopadhyay, 1977; Bandyopadhyay et al., 1977) . Variations in the concentration of Tris/HCl buffer, however, did cause dissociation of the complex into its two component enzymes. Fig. 3 shows the pattern obtained after subjecting the complex to glycerol-gradient centrifugation in 0.25 M-Tris/HCI buffer, pH 7.2; the two enzyme components were recovered near the top of the gradient. An increase in buffer concentration to 0.4M has the same effect, but if the concentration of buffer is raised to 0.5 M, then the amount of complex dissociation is substantially decreased. In phosphate buffer much the same effects were seen; at 0.01 M, little if any dissociation of the complex is apparent, whereas at concentrations ranging between 0.1 and 0.3M the complex is dissociated completely. Any increase in molarity of buffer beyond this (i.e. to 0.4M) had no effect on dissociation.
Molecular weight ofthe complex
Although the molecular weights of Rauscherleukaemia reverse transcriptase and polyspermineRNAase are known to be 70000 and 17000 respectively (Bandyopadhyay, 1977; Wang & Moore, 1977) , the complex between the two proteins sediments in a region of the glycerol gradient in which its molecular weight can be estimated to be about 160000. By the use of '211-labelled reverse Displacement by polyspermine-RNAase of p30 protein within a reverse-transcriptase-protein-p30 complex
In previous work (Bandyopadhyay, 1977; Bandyopadhyay & Levy, 1978) it was shown that p30, the major internal protein of Rauscher leukaemia virus, can bind specifically with reverse transcriptase to form a protein-protein complex with an estimated mol.wt. of 400000. An important characteristic of the complex is the observed increase in the rate of DNA synthesis over that seen with reverse transcriptase alone (Bandyopadhyay, 1977; Bandyopadhyay & Levy, 1978) . Since the two proteins are present in the virion core, it was postulated that the more efficient synthesis of virally induced DNA by the bound form of reverse transcriptase might indicate some precursor role for the protein-p30-reverse-transcriptase complex in viral assembly (Bandyopadhyay, 1977; Bandyopadhyay & Levy, 1978) . Because of the possible importance of this complex, we decided to examine the effect of exposing it to polyspermine-RNAase. Under conditions similar to those for line 1 in Table   1 , 0.5,ug of the complex was not dissociated by the presence (15, 25 or 50,ug) of polyspermineRNAase.
Discussion
The original observation that the complex formed between Rauscher-leukaemia-virus reverse transcriptase and the major internal viral protein, p30, may be important in early phases of viral assembly (Bandyopadhyay, 1977; Bandyopadhyay & Levy, 1978) led us to examine the uniqueness of the complexing ability of reverse transcriptase. Of a variety of other viral and non-viral proteins examined Bandyopadhyay, 1977) , only serum RNAase from Hodgkin's disease patients could complex with the enzyme . Neither bovine pancreatic RNAase nor the human RNAase when isolated from normal patients could do so. Yet, as shown in the present study, the bovine pancreatic enzyme, if modified by linkage to spermine (Wang & Moore, 1977) , can form a rather tight complex with the polymerizing enzyme, and the complex formed had a molar ratio reverse-transcriptase/polyspermine-RNAase of 1: 5.
The reverse-transcriptase-polyspermine-RNAase complex has several characteristics that differ considerably from those of the complexes described previously 
